Abstract. Palm Decanter cake (PDC) which is categorized as the waste from palm oil mill has been found to contain residual crude palm oil. The oil adsorbed on the PDC (PDC-oil) can be extracted and potentially used as feedstock for biodiesel production. Feedstock from waste like PDC-oil is burdened with high free fatty acids (FFAs) which make the feedstock difficult to be converted into biodiesel using basic catalyst. Therefore, in this study, a solid acid, RHA-SO 3 H catalyst was synthesized by sulfonating rice husk ash (RHA) with concentrated sulfuric acid. The RHA-SO 3 H prepared was characterized with TGA, FTIR, BET, XRD, FE-SEM, and Hammett indicators (methyl red, bromophenol blue, and crystal violet). PDC was found to have about 11.3 wt. % oil recovered after 1 hour extraction using ultrasound method. The presence of sulfonate group was observed in IR spectrum, and the surface area of RHA-SO 3 H was reduced to 37 m 2 .g -1 after impregnation of sulfonate group. The RHA-SO 3 H catalyst showed that it can work for both esterification of free fatty acid which is present in PDC-oil, and transesterification of triglycerides into methyl ester. The results showed highest methyl ester content of 70.2 wt.% at optimal conditions, which was 6 wt.% catalyst amount, methanol to oil molar ratio of 17:1 for 5 hours at 120 o C.
INTRODUCTION
Biodiesel is a potential alternative source to replace petroleum fuels as it provides high product yields, flexible with variety of feedstock, low waste production and less hazardous chemical used in production. However, the needs for large quantity fat oils from vegetable sources as feedstock for biodiesel has causes some problems, especially the deforestation for plantation purpose in some countries. Besides, the major cost associated in the biodiesel production is the feedstock, which it comprises about 80 % of the operating cost [1] Therefore, to overcome the economic barrier and environmental problems, studies attempt to find new feedstock by conversion from waste or new vegetable species.
In Indonesia and Malaysia, palm oil is the common oil used for production of biodiesel as it is beneficially due to locally available and accessible. This is because Indonesia and Malaysia is one of the major producers and exporters of palm oil. Furthermore, non-edible oil such as used frying oil (UFO) and waste oil from palm oil industry can be used for production of biodiesel. Conversion of waste oil into valuable product has add value to the sustainability of biodiesel as the production cause less or no harm to the environment and thus able to replace petroleum fuel and continue for a long time.
Palm decanter cake (PDC) is the waste from the decanting process in palm oil mill where water is used as the solvent for decanting. This process leads to the high moisture content in the oil adsorbed on DC. Due to its high free fatty acids (FFAs) content, the process involves the esterification of FFAs and transesterification of triglycerides, where acid catalyst is in preference to alkali catalyst. In this study, sulfonated rice husk ash (RHA-SO 3 H) will be synthesized and used as strong acid catalyst. The effect of reaction parameters (catalyst amount, methanol to oil molar ratio, and reaction time) on methyl ester content will be studied.
EXPERIMENTAL METHODS

Materials
Fresh palm decanter cake (PDC) was collected from Local oil palm mill (Perkebunan Sawit Nusantara, Tanah Grogot), while Rice Husk (RH) is collected from a rice mill in Lempake. Analytical grade methanol, n-hexane, petroleum ether (PE), chloroform (CHCl 3 ), sulphuric acid (95-97 %), ethanol, and Thin Layer Chromatography (TLC) (20 x 20 cm, silica gel 60 F254) of HPTLC grade were purchased from MERCK (Germany). Phenolphthalein (H_=8.2), crystal violet (H_=1.8), bromophenol blue (H_=4.6), methyl red (H_=6.2) are purchased from Bendosen. Sodium hydroxide (NaOH), and, potassium hydroxide (KOH), and methyl heptadecanoate as an internal standard GC grades (> 99.1 %) were obtained from Sigma-Aldrich (Switzerland), whereas iso-propanol, glacial acetic acid, potassium iodide, starch, sodium thiosulphate (Na 2 S 2 O 3 ), and benzene were from Merck KGaA (Darmstadt, Germany).
Extraction of PDC-Oil via Ultrasound Extraction
The fresh PDC is dried overnight in oven at 110 o C and then grinded into fine particle size. The oil adsorbed on DC is extracted via ultrasound with n-hexane (non-polar solvent) according to the method applied in study of Maniam et al. [2] . For optimization of oil extraction, 10 g of DC is extracted with 10 g hexane via ultrasound at temperature of 65 Oil wt.% = M oil /M DC × 100 (1)
Solid Acid Catalyst Preparation
The rice husk (RH) collected is cleaned and then heated in furnace at temperature of 900 o C for 4 hours. The rice husk ash (RHA) produced is washed with deionized water, filtered and dried at 100 o C for 2 hours. The RHA is grounded into fine powder and is treated in furnace at temperature 900 o C for 4 hours. After calcination, 20 g of RHA is weighed and washed with 0.1 N HCl for 3 hours at 60 o C under reflux. The RHA is then neutralized to pH 7 by washing repeatedly with deionized water. The neutralized RHA is dried in oven overnight at 110 o C. After that, sulfonation of RHA by concentrated sulphuric acid is carried out in oil bath at controlled temperature of 90 o C for 3 hours [3] . The mixture is lefted to cool at room temperature. The mixture is added to distilled water (it is dangerous to add water to mixture containing concentrated sulphuric acid), stirred the mixture and filtered out the precipitate formed. Hot distilled water is used to wash off the sulfate ions. The washed RHA-SO 3 H is filtered again and dried overnight in oven at 80 o C.
Catalyst Characterization
The RHA-SO3H was identified by X-ray diffraction (Rigaku) with Cu Ka X-ray as a source. A FTIR (PerkinElmer Spectrum 100) spectrophotometer was used to characterize the chemical structure of RHA-SO 3 H at 400 -4000 cm -1 range. Surface analysis of the catalyst was examined by using Micromeritics ASAP 2000. Prior to the analysis, the catalyst was degassed at 105 o C and the adsorption of N 2 was measured at -196 °C. The size and morphology of catalyst was observed by FE-SEM (JSM-7800F). The acid strengths of the catalyst (H_) were determined by using Hammett indicators. The following Hammett indicators were used: crystal violet (H_= 1.8), bromophenol blue (H_= 4.6), and methyl red (H_= 6.0). About 25 mg of catalyst was shaken with 5.0 mL of a solution of Hammett indicator diluted with methanol, and left to equilibrate for 2 h [4] After the equilibration, the colour change of the solution was noted. The acid value of the oil was determined following the standard EN 14104; and the moisture content was analyzed using Karl Fischer titration method (784 KFP Titrino, Metrohm).
Esterification Reaction
The esterification reaction was carried out in 100 mL round bottom flask contained mixture of 2 g DC-oil, 6 wt% catalyst (0.12, based on weight of oil), methanol: oil molar ratio of 17:1, and magnetic stirrer for mechanical stirring. It is connected with condenser for reflux, equipped with thermometer and heating in an oil bath at 120 o C on a hotplate. Upon completion, the solution is centrifuged to separate methyl ester produced from solution. The esterification reaction is optimized to yield highest methyl ester content (optimal conditions) by repeating the reactions with increments of methanol to oil molar ratio, reactions time, and/or catalyst amount. After the reactions, the mixture formed is centrifuged and methyl ester (ME) formed is collected for qualitative analysis via Thin Layer Chromatography (TLC) and Gas Chromatography -Mass spectroscopy (GC-MS). Gas Chromatography -Flame Ionization Detector (GC-FID) is used to determine the methyl ester content. The GC analysis used capillary column DB-wax (length 30 m, internal diameter of 0.25 mm, and film thickness of 0.25 μm) and heptane as mobile phase. ME content was quantified using the following formula:
where A total is the total peak area of methyl esters; A ISTD is the area of methyl heptadecanoate; V ISTD is the volume of methyl heptadecanoate; C ISTD is the concentration of methyl heptadecanoate; W sample is the weight of sample.
In order to examine the potential reutilization of the catalyst, the used catalyst was tested to assess its catalytic activity. For reuse experiments, the used solid catalyst recovered by decanting it after a simple washing using methanol and n-hexane. The dried used catalyst was directly used as a catalyst for the repeated reactions.
RESULTS AND DISCUSSION
Characterization of Sulfonated Rice Husk Ash
Thermogravimetry Analysis
Thermogravimetry analysis is applied to RHA and RHA-SO 3 
Fourier Transform Infrared Analysis
FTIR analysis is one of the important analyses to confirm formation of RHA-SO 3 H catalyst. As shown in FIGURE 2, in RHA spectrum, the broad peak around 3546.71 cm -1 and 1639.56 cm -1 are observed in the functional group region. According to [5] 
Surface Analysis (BET)
From the BET analysis, the surface area of RHA and RHA-SO 3 H are 76 m 2 .g -1 and 37 m 2 .g -1 respectively, indicated that the surface area decreased due to the sulfonation of RHA. Correspondingly, the pore volume and pore size are larger for RHA-SO 3 H compared to RHA. The pore volume of RHA-SO 3 From the N 2 adsorption-desorption isotherm showed in FIGURE 3, both RHA and RHA-SO 3 H are classified as type IV isotherms, where their pores should be between 1.5 nm to 100 nm [7] . Besides, the slope of type IV isotherm always performs increased adsorption at higher pressure as the pores are filled. Both the hysteresis loop of RHA and RHA-SO 3 H appears almost the similar range which is at P/P o of 0.4 to 1.0 and 0.45 to 1.0 respectively. It is found that the hysteresis loops are open-ended for both samples. This might due to the incomplete N 2 desorption where the micropores of samples still retaining some of the adsorbed nitrogen [8] . 
X-ray Diffraction Analysis
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Field Emission Scanning Electron Microscopy
The FE-SEM image of RHA showed that RHA has porous and irregular shape where this indicated its high specific surface area. FE-SEM image of RHA-SO 3 H showed aggregate particles with grain size of micrometer scale as shown in FIGURE 5 (b), which was similar to the previous studies [5, 8, 9] .. . a) RHA at magnification of 20000 b) RHA-SO 3 H at magnification of 25000 
Hammett Indicator
As shown in TABLE 2, the acidity of RHA-SO 3 H solid acid catalyst tested by methyl red (H_= 6.2), bromophenol blue (H_= 4.6), and crystal violet (H_= 1.8) showed colour change of red, yellow, and purple, respectively. This indicated that the RHA-SO 3 H is a solid acid catalyst with pH range around 0 to 1.8 which is highly acidic. 
Characterization of Methyl Ester
As shown in FIGURE 6, the ME-DC produced contained majority of methyl palmitate (C 16:0 ) and methyl oleate (C 18:1 ), while methyl heptadecanoate (C 17:0 ) was internal standard.
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FIGURE 6. Gas Chromatogram of methyl ester from DC-oil
Effect of Catalyst Amount
Esterification is a slow process and required longer reaction time and higher reaction temperature compare to that of transesterification. However, RHA-SO 3 H could speed up the reaction. Catalyst amount can significantly affect the ME yield during esterification reaction, thus it is important to optimize the catalyst loading to optimize the ME yield. The catalyst amount is varied from 2 wt% to 12 wt% (based on DC-oil weight). As shown in FIGURE 7, the ME yield increased from 18.1 to 70.2 wt.% with increasing catalyst amount from 2 to 6 wt.%. However, further increased of catalyst amount decreased the ME yield, thus the optimized ME yield is achieved at 6 wt.% catalyst loading. In esterification reaction, the reactants (methanol and oil) encountered mass transfer resistance due to their immiscible properties, thus mechanical stirring is applied to overcome the problem. But at excess catalyst amount, it might disrupted the mixing of reactants and thus lead to poor mixing and higher mass transfer resistance [10] . Besides, at excess catalyst amount, it was observed that some of the catalyst being sidelined from mixture and remain unused throughout the reaction. Furthermore, according to Farooq, et al. [11] , some of the ME produced might not desorbed from the surface of catalyst and leading to low ME yield.
Effect of Methanol to DC-oil Molar Ratio
Basically in esterification reaction, excess of methanol to oil molar ratio is necessary to convert free fatty acid (FFA) into methyl ester. The effect of increasing methanol to oil molar ratio was observed by varying from 9:1 to 21:1 molar ratio in FIGURE 8. The highest ME content was observed at 17:1 molar ratio with 70.2 wt.%. The further increased in molar ratio might cause the solution to be too dilute and slowed the rate of reaction, and thus the ME yield is slightly lower [2] C 16:0 ISC 17:0 C 18:1 030002-8 
Effect of Reaction Time
Reaction time is one of the important factors that affect ME yield since the esterification reaction is reversible. Normally, the ME content should remain constant after reached equilibrium where rate of forward reaction equal to that of reverse reaction. As shown in FIGURE 9, the ME content initially increased from 47.6 to 70.2 wt.% at 3 to 5 h respectively. However, the ME content decreased to 58.9 and 53.1 wt.% when the reaction time was further to 7 and 9 h. This might due to the decrease in catalytic activity of forward reaction caused by the adsorption of water produced during reactions. According to Li et al. [12] , RHA-SO 3 H was hydrophilic due to the polar -SO 3 H functional group and thus favor the adsorption of water. Besides, as reported in their study on RHA-SO 3 H in production of biodiesel using waste cooking oil (WCO), the reactions were carried out with instantaneous removal of water produced, and achieved ME yield of 87.57 wt.% after 15 h with 20:1 methanol to WCO molar ratio at 110 °C. 
Reusability of Catalyst
Reusability of catalyst is important to reduce the production cost of biodiesel. The catalyst was washed and used without any further activation, and it was found not reusable as shown in FIGURE 10, where the ME content was decreasing after 4 cycles. It was contrasting with the reusability reported by Li et al. [13] where the catalyst should be able to reuse up to at least 5 cycles. Probably the two samples are chemically different. It might also due to the poor stability of catalyst attributed from method preparation of catalyst and caused the leaching of -SO 3 H groups. 
CONCLUSIONS
The solid acid catalyst (RHA-SO 3 H) was characterized, where the presence of sulfonate group was observed in FTIR and it has surface area of 37 m 2 g -1 . The RHA-SO 3 H was thermally stable below 130 o C and having acid strength between pH 0 -1.8. On the other hand, the RHA-SO 3 H prepared from sulfonation RHA was determined to be able to convert high FFA feedstock (DC-oil) into. The optimal reaction conditions were determined at 6 wt.% catalyst amount and 17:1 methanol to oil molar ratio at 120 o C for 5 h which yield 70.2 wt.% ME content. However, the simple catalyst regeneration method does not recover the catalytic activity of RHA-SO 3 H, where the catalyst do not catalyzed the reaction for third time and onward. This indicated the poor stability of the catalyst which contributed to leaching of -SO 3 H groups.
